In the United States, the AOAC Sporicidal Activity of Disinfectants Method 966.04 is the standard for identifying a liquid chemical germicide as a sterilant. Furthermore, the highest level of a disinfectant must also be a sterilant as defined by Method 966.04, when used in its sterilant mode for a longer exposure time. The AOAC Sporicidal Test is also used as a part of the standard test methods to define a sterilant for Australia and the European Union. Many laboratories have identified variables of this test that can affect the sterilization exposure time for sterilants, or even the ability to classify a chemical as a sterilant. Method 966.04 requires spore-labeled porcelain penicylinders (cylinders) and silk suture loops, collectively referred to as carriers, to be dried for 24 h, but allows these carriers to be used for at least 7 days, in effect allowing a drying time of 24 h to at least 7 days. We tested the resistance of cylinders that had been labeled with Bacillus subtilis spores cultured for 72, 96, and 120 h, and dried for 24, 48, and 72 h against a 60 min exposure to 2.0% alkaline glutaraldehyde, and 2, 5, 10, 15, and 20 min exposures to 2.5N HCl. All the culture incubation and drying times met the standard of resistance to 2.5N HCl for at least 2.0 min at 20°C, and all carriers contained at least 10 5 colony-forming units (CFU) of B. subtilis per carrier. However, for 3 repeated tests, regardless of incubation time, an average of 96% of the carriers were sterilized by the 2.0% glutaraldehyde after drying for 24 h, and an average of 61% were sterilized after drying for 48 or 72 h. We propose that the variable of drying time be eliminated from Method 966.04.
T he AOAC Sporicidal Activity of Disinfectants Method 966.04 (1) is a 30 plus-year old method that is central to defining sterilants and high-level disinfectants, and this test is seriously flawed. This method dries 72 h cultures of Bacillus subtilis and Clostridium sporogenes in their growth medium onto the surfaces of unglazed porcelain penicylinders (cylinders), and silk suture loops (silk loops). These spore-labeled cylinders and silk loops (carriers) are then dried for 24 h under vacuum (spores dried and held under these conditions will retain resistance > 7days; 1). The practical result of this method direction is that the spore-labeled carriers may be dried for a minimum of 24 h, or much longer depending on when the carriers are actually exposed to a test disinfectant in a test. Spores dried in their growth medium onto carrier surfaces are much more resistant to chemical disinfectants than wet spores in suspension (2) , and thus the AOAC Sporicidal Test has become the standard to qualify a disinfectant both as a sterilant and as the highest level of disinfectant in the United States (3), and increasingly worldwide (4 (5) . It is the number of spores on a carrier that determines the exposure time for the carrier to be sterilized by a chemical, but that is not the resistance standard of Method 966.04, and the number of spores on a carrier may vary widely (5-7). The history of the cylinders as new or used with various types of chemicals has a large influence on the resistance of the cylinders to sterilizing chemicals (8) . Black waxed silk suture loops are made from a protein material that reacts with many oxidative chemicals, known to be rapidly sporicidal, to compromise or eliminate them as sterilants for medical devices (9) . The quality of garden soil used as an extract in culture media to provide trace metal elements has been shown to be a variable of this test (7, 10) . Many other flaws of the AOAC Sporicidal Test such as lack of quantitation, spore culture media, and variation from spore culture to spore culture, have been reviewed (11, 12) . This study compared the variables of culture age and drying time on the average number of colony-forming units of B. subtilis per cylinder, resistance of the cylinders to 2.5N HCl, and resistance to 2.0% alkaline glutaraldehyde.
Cultures of B. subtilis incubated for 72, 96, or 120 h at 37°C all gave the same average number of B. subtilis CFU per cylinder. The resistance of the cylinders to 2.5N HCl was not affected by either culture age or drying time. However, regardless of culture age, 96% of B. subtilis-labeled cylinders that were dried for 24 h were sterilized by exposure to 2.0% glutaraldehyde for 60 min at 25°C, while only 61% of cylinders that were dried for 48 or 72 h were sterilized. We propose that Method 966.04 be modified to require a minimum drying time of 72 h. 
Preparation of 2.0% Alkaline Glutaraldehyde Solutions
The glutaraldehyde concentration of inactivated Cidex solution was measured by titration of excess unreacted bisulfite according to the method of Frigerio and Shaw (13) . Immediately before each test, the glutaraldehyde was activated and diluted with synthetic hard water at 400 ppm CaCO 3 to 2.0% glutaraldehyde.
Preparation of B. subtilis Cultures
One nichrome wire loopful from a stock culture of B. subtilis was added to 100.0 mL SENB in a 1000 mL Erlenmeyer flask and incubated for 72 ± 1, 96 ± 1, or 120 ± 1 h at 35 ± 2°C. The culture was homogenized in a 40 mL glass tissue homogenizer with 3 to 5 slow twisting strokes. The homogenized culture was filtered through sterile cotton in a glass funnel, and used immediately to label porcelain cylinders.
Preparation of B. subtilis-Labeled Porcelain Cylinders
Cylinders were visually examined and selected to have no chips or cracks. All the cylinders had a common use history as exposed to soil extract egg meat medium, dried for 48 h, exposed for 2.0 h to 2.0% alkaline glutaraldehyde solution, exposed to FTM, sterilized for 20 min at 121°C, rinsed with a solution of Triton X-100, and then rinsed 4 times with tap water, twice with deionized water, drained, and then resterilized for 20 min at 121°C, as directed by AOAC Method 966.04(g) (1) and Standard Operating Procedure 471.06, MicroChem Laboratory, Inc. These cylinders were immersed in the homogenized, filtered B. subtilis cultures in a 100 mL glass beaker. The cylinders were removed from the B. subtilis culture using flamed stainless steel forceps and placed upright onto a double layer of sterile filter paper in a Petri plate. The Petri plates were placed in a dessication chamber over Drierite, and a vacuum was drawn on the chamber for 20 min at 27 in Hg. The B. subtilis-labeled cylinders were held in the Petri plates in the dessication chamber at ambient temperatures (20°to 24°C) for 24 ± 1, 48 ±1, or 72 ±1 h, until exposed to 2.0% alkaline glutaraldehyde.
Exposure of the B. subtilis-Labeled Cylinders to 2.0% Alkaline Glutaraldehyde
Five B. subtilis-labeled cylinders were placed into 10.0 mL 2.0% alkaline glutaraldehyde in a 38 × 200 mm test tube with an exposure of 60 min at 25°C. Thirty or 60 cylinders were tested for each condition of culture age and drying time. Each test (culture age and drying time) was repeated on 3 different test dates. After exposure to the glutaraldehyde for 60 min, each cylinder was transferred with a flamed nichrome wire hook to 10 mL FTM, and then subtransferred to a second tube of 10 mL FTM. These recovery tubes were incubated at 35 ± 2°C for 7 days and then scored for growth or no growth of B. subtilis.
Measurement of the Average CFU of B. subtilis per Cylinder
For each experimental condition of culture age and drying time, and for each replicate test, 5 B. subtilis-labeled cylinders were placed one at a time into 10.0 mL FTM in a plastic 18 × 111 mm test tube with a silicone stopper and agitated for 120 s on a Vortex mixer. Serial 10-fold dilutions were made from this test tube as 1.0 mL into 9.0 mL FTM in test tubes. One-half (0.5) mL from these dilution test tubes was placed onto nutrient agar in a Petri plate and spread over the surface of the agar. These plates were incubated inverted at 35 ± 2°C for 48 h and counted for colonies of B. subtilis. The number of CFU was multiplied by the appropriate dilution factor to measure the CFU/cylinder. The average CFU/cylinder for 5 cylinders is reported.
Measurement of the Resistance of the B. subtilis-Labeled Cylinders to 2.5N HCl
For each test, 15 B. subtilis-labeled cylinders were placed into 20.0 mL 2.5N HCl at 20°C. After exposure times of 2, 5, 10, 15, and 20 min, 3 cylinders were transferred from the HCl to modified FTM, and then subtransferred to a second test tube of FTM. These tubes were incubated for 7 days at 35 ± 2°C and then scored for growth or no growth of B. subtilis.
Validation of Recovery Method
For each test, 2 sterile cylinders were immersed in 2.0% alkaline glutaraldehyde. These cylinders plus 0.1 mL glutaraldehyde were transferred to 10 mL FTM, and then subtransferred to a second tube of FTM. About 100 CFU of B. subtilis was then added to each test tube. After incubation for 7 days at 35 ± 2°C, growth in these test tubes validates that the recovery process neutralizes any carried-over residue of glutaraldehyde.
Results
The results are shown in Table 1 . Among 27 sets of numbers, the average number of CFU of B. subtilis per cylinder varied from 9.3 × 10 4 to 2.6 × 10 6 CFU/cylinder. This is a 27-fold difference between the extreme low and the extreme high. However, these average CFU numbers/cylinder are random variations and do not correspond to different culture or drying times. Each condition of culture time and drying time produced cylinders that met the minimum 2.0 min HCL-resistance standard of Method 966.04. Within any one set of conditions such as 72 h of culture time and 24 h of drying time, the resistance of the cylinders to 2.5N HCl varied by as much as 2 to 20 min. No correspondence was observed between culture time and drying time and degree of resistance of the cylinders to 2.5N HCl. When the drying time was 24 h, then resistance to glutaraldehyde remained similar regardless of culture times from 72 to 120 h. With the possible exception of a culture time of 72 h with a drying time of 48 h, increased culture times did not increase the resistance to glutaraldehyde if the drying times were 48 or 72 h. However, there was a large difference in resistance to glutaraldehyde between a drying time of 24 h and 48 or 72 h. Regardless of culture time, an average of 96% of the cylinders dried for 24 h were sterilized, and an average of 54 and 58% of the cylinders were sterilized when dried for 48 and 72 h, respectively. It may be noted that there is less variability of resistance from test to test for carriers dried for 24 h than for carriers dried for 48 or 72 h. This may be that wet spores, as is more likely the case following 24 h of drying time, are more uniformly resistant to disinfectants than variably dry spores, as may be the case following 48 or 72 h of drying time. The spore recovery method was validated as able to neutralize any carried-over inhibitory or cidal effects of the glutaraldehyde.
Discussion
The AOAC Sporicidal Test 966.04 allows drying times for cylinders and suture loops from a minimum of 24 h to at least 7 days. The results of these studies show that B. subtilis-labeled cylinders are far more resistant to glutaraldehyde after drying for 48 or 72 h than the minimum of 24 h. The population of spores and the organic soil of the culture medium on carriers may simply be drier and thus more resistant after 48 or 72 h of drying time than 24 h. Another possibility is that more cells develop spores rather than vegetative cells while on the carriers if dried for more than 24 h. Another possibility to explain these differences of resistance is that the more wet conditions after 24 h of drying time rather than a longer drying time may allow spores to be more readily washed off of the carriers into the disinfectant, and thus not carried over into the recovery medium. There are many ways to eliminate the variables and faults of the AOAC Sporicidal Test. The soil extract and undefined egg-meat medium could be replaced with defined synthetic medium. Silk suture material that has no counterpart in modern medical device material could be replaced with Dacron material. The cylinders (with a cost of $3 @ new) could be specified to be used all with a similar history of use to eliminate the variable of new versus used cylinders, or cylinders used with various types of chemicals, including HCl. The resistance standard could be modified to include a minimum average of 2.0 × 10 5 CFU/cylinder. The test could be repeated with one lot of test product, and 3 different cultures of spores leaving the variable of chemistry to chemical analysis. The results reported in this manuscript indicate that carriers should be dried for at least 72 h to eliminate the variable of variously dry carriers now allowed by the methods of this test, and to establish the most resistant condition within the AOAC Sporicidal Test. The test could be made semiquantitative, and a margin-of-safety could be designed into the test, by taking the endpoint as that time that is twice the time required to sterilize all spore-labeled carriers known to carry an average of 2 × 10 5 CFU/carrier, as is done for steam and gas sterilization systems. A modified AOAC Sporicidal Test has been published (14) . An entirely different sporicidal test that eliminates carriers, but still uses spores dried onto a glass vial surface has been developed under a grant from the Environmental Protection Agency (15) . Perhaps after more than 30 years of experience the scientific community will soon be able to develop a sporicidal test that is free of the variables of Method 966.04.
